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5 5 -y 7*&tf3SZ-fc7 5 ■/ ?/ISK;:E{I$*ifc&R0 
i: : urn— ty 5 •/^*±{CjSaS*ife1KROiaat* 

f. 

[arms 2 3 &mmmmzmttizw!w-t ? s 

5 v?ll§Jt'ES$*l£13ff&JSM> : ±EHIB*Wt 

Vmz-t 757^It; 35— 1 7S7 7J§&£VmZ*. 
7$7 7*iafc:EiI$*ifc&»ii: : 35— 1 7 5 y?l 

; ±tS3S— b7 5 y?Jf *:«#>&A. lEfflt 

m?izffi&tz>& iz±m&mm zm^xmxfh mmw < 

^Ti^LXlIimm^Z^^tifzM^Mt : 

[»**4 ] E««*t*»^>-t5s -y immzim. 
ztifcm&gx-t} -> x . ±ie-t 7i7? aovisrt 

7mn-r><n*x'mfciititzmm*^t%. m&v. 

fc : ±123?— fe7 5 v?JfOR#f|iJl::££±E3SZ-fc7 
5 ^atfS^fcEBSJufcJMfaH 1 *: ; JJE»— 15 
5 -y 9mt5£Xf&IAz y 5 -y ?®Blfc:EiH3;ft.fcfS-S 

ttiiffit : ±iE^z-t7 s 'v9m&£if±.mL%m : f-miz 

B5Sriio-CI*«-r6»-5/-yUHRIttieiS5-f >t ; ± 
ZJStfiiSSiioTI&ffi-f i^Zv-zl' k rawest 4 v 

m-%mz®m.2tit:m-&'frb . _tid-t7 $ . y 7/11*1 



3$-t&> ; JJe-b5 5 y ?*^*Z*ffi8fc:EiB$flfc 

hesmj^ ±ies-«ffitfis^-f4^t:. ±ie*rt 

c imm 7 ] ggjioiiscft * iu$m.Mz 557 
imnxxi v+zfthumx'h^x •. &mi§zm.mt 

■rixmt : ±ie-t5 5 ~, tmnmuizmm^v Kr«t 

mnmmzmz.±7$. »/?mzmm- hxmt ±mm 

•y v iz&%l fzmz.£m^-vi'b zmm-f&xmt ■. ± 

f £31— &!?y ^ y f - i: ±f B^Z^Jly ^ -y ^- 1 ±1 SSZ-t 5 
5 y ^ *^>ll±fc: *= -t 5 5 -y 7 ® * JftSf h TU t : 

±ie^z^ffiy * -y f-o-gj^iiedf a- tr < Hz m/fts 

tr ^ 2- J^filct * t'f -f^Ufc&oT 

ZSh : ±£S-Htffi£fite-r4a£_hE** t'f -< F*J 
t^K^rfig^iJESf Zftflfey) t y xgptc;^ o X \ \ h ±E 
£ < -y f O-ffi * . ±IE^-^JSy N' -y f <7)R*r{?i| 
tci> |> ±ieS4SPO-S(ClX 0 ft ft t ^Z€® sr Wf&t 

le^R^-^a^iistaiitfem-Hr^s 7^i> ; 

®^]IgK{cm*it7t^Z-fe7 $ ••/ 9Mb : ±ISmz-t 7 

z-t 7 s y 7 MRx/^mLfttm^mmzmttifimE. 

■ty$-/7mt; ±iemz-fe 757 ^/lc7)lMg|5t^tg$ 

fili.i>ryf f . 

[ §i*if 9 ] ¥® r yy-rxh *> x ■. &m^-*m 
t ; iMi&m^-AMcDm&izmmztitim— tys. ? 

?Mt ; ±ie^— 15 S •y^ffl^H^cJta^ix^ll- 
SMftiBi: ; ±ietftlllffi<y)lSa5CiftS$ii^^Z-t7S-y 

; ±ienz-t7 $ vfmwfcmztmztifzmz 
tmrnt •, ±i&&zmim<7)m%iz%wt2iitzm&n& 

ti. ±ism— 1 7$7 ? Jirtfcffljb&i *ut 

■< 7 €: ^> L T ±ISfiWt§R^ $ it . ±E»Z-b 7 $ 
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[0001] *B«. 1998^8^7BtJgffiSil7tajll# 
■f 3B60/095.689*^)*QiHSaiil<OWiS$±5fi-r4 . 
[0002] 

[0003] 

cam*)**] ryftii *tififW4aiiatfi/- 

7tf)lo?)fiJ&{4, CftfcOi^f.&'CSSSfiiJ:? 
[0004] l^ffltt&tfif ?*: . 7 H T yftli 

[ 0 0 0 5 ] jfifttWrtfr 5 4 h • if-t'^tzfc^T. 
#-?-t*ii. HR(c. H&4# 

-t*fc77***4fcftCJIfr47yT^*fl*$:tt 
*D?*ai-f (addressing) ZkQBWtifi&t. 

i o o o 6 ] v \*> \ ^sr*- h'x t mat i z t 
^m-Tyy-i-mnzMthm^m^mt, v y 

rvfemmmz (mimio £&mmzm^K. 
MmzfiLmyyf-ommtfto. «e<ofc*>. mz. m 

[0 0 0 7] U&»U {Sffi7M7yT7#/h$<&4 
[0 0 08] j£ftWiift^XrAtCj;oT7y7 : -7l3i3{ 

[0009] ¥ffi7^7«u flj&AMIdit^-y h 7- 
? (a buried feed network) ?!) 1 4>7>'T75S®(Z^Sf 



$ fits*!**?* TEMS^eE* mtz&m ix$ tz<r> 
x\ mttfiffiizmi^zkff$at>tixwz. wiz. em 

mtm< (direct) <0#»L<, x*/Wfli«*:3r#i6j 

%%&#®*^t&mm^tfmm z Fizm2 

•y r- 7 - 7 £ »o*& . ISISO y 7 U tfWJf 9 £ v ft 
H-£fi.4. 
[00 10] 

mwcomm •^mm-m.mzxht. tvatv*? 
mt . ^-atA'^zo -t 7 5 y ^ ^cofaTc-isa $ til . 
<r>umami'm-<r)-t y $ >y ?/i £o±ti&ff $^4 . 

AT (vias) fcaLT. MflPERKiftlt^^CigaSit 

[0011] ^mnrafi, Jt^^oj&^)|g|g(cgb5: 
ifitt^ftdN- -s £ **r * ^ . ^iSn r« t , 

<r>x\ t&m&imtz. 

[0012] $M<P. &m?Tmii. 7yf-7~tflfcS< 
e>ti&ffl& 3 m"C* fi^h* (») OJRffl^)*«l*-r4. 

*«371t. 7yr7*^'<^ii|,m3t¥ffi^L 

rz'MLxw&zti. mmmmuwsx'&ftzmtt 

[0013] *fWBOfl!!OJBafc: J: h t . 7yr7«JB 
^nM 7^®^Tfe|^ ; F-cr)rtc0lO«^-r-l.^®r 

fflftiHHfW, ffl#»fe:»-«aPCSf^§ii, -hie* 

-r -y f^)-en w<o«ftffitcjBZ4B»-cis^ s fir t «fc 

[0014] *S6BBOffi^)ffittt i 4 i . mvmt&M 

X'BfSL£ti&. m^lt. -fe^S -y^ii<7)¥ffit\ ^ 
<tt2owa^t^«LT©jSLTi«J:^. 

[00 1 5] Xfflinmnimizxib . 7U^f7yf- 

5 $ y^/ii: . *£fcify>j&2ftfcmZ&&S^£3r?- 
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ti&. m-ommmnm-Rv^mz^-t 557 7 mam 

TfiKESft.. JBZOSMftBKiaiZ-fc 5 5 -y ?lkft»* 

[0016] *3&mm<?>mmz x h t . m^o^-r 

h. »Z«8tt. -y 7 1<0Z# *-« 

*i®$ft£0)fflz&mztitz®5mtt*Gt s . 

[0017] *lfe^fl!«^SS«tc i 4 k . 7>-f 7Ji£ 

$ ill. SMftfeffi 2: ttr . SilZ-t 7 5 y 7 «i JSifiiBtf) 
&±M±£8X. S ft, JSZ-fc y 5 -y ? Ki^ZigJfi®^ 

Wt-^y^vfmi.zWihTk&tihbMzm&.nJU 

T&jtixmt%i L tzi£&zti. zttbwu ntm- 

lis HZ-fc y S. >v ^«tza*ii*fl4 1 

[0018] *$>mz®.^xmf$.ztitz7>T7-c7)zm 
Htsu -was*. i&teoc!?%^Bktt%-kMtmz*k 
[0019] m&<r)®!gtK<nwmti:tim&mmx'h 

£ft£. 
[0020] 

71- j*izxw\mizmfc2ti& . \<^^%®ffiiz. ^ 



[002 1 ] ft^7yTl-tm&th£><<WSm&, 

ryf-i-ijmmzm&^tiimnzm^thmz aow- 

Teraperature Co-fired Ceramic on Metal j (LTCC-M) 

mzTmnPrmximmiztmztitz'j?^ ttim 

•t y 5 v 7 MRV-kW, 3 7M z&ti . 
[ 0 0 2 2 ] +9 ><?>*. 5 ^ffi«0W4^ftfflT# 5 (til 

k't . cu/Mo/cu^fS4s-&*rtt-t 7S7 ?m*zft ta^* 

>T4 V7zW&fth<r>X\ *«3T»iCii/Mo/Cu*g 

&m37tzt$lf&'U 7\i. - V7- 

[0023] **37*0<f^4>fBi=fcii1*3fi5-fc5 
mWkfi y zmX'fo&ntiWt L\\ $>fr 
iiO^eipixif y zMtftimximiMlzBfc $ ii S *\ jft 

m<mmz&&, ztih. ^y^-y^xt ±m<nm=F «h± 

tt. JSJH»^k*i?Lu. 
[0024] LTCC-Mg'fTjizW^I. ftfflWfflf«ti . "Meth 
od of Minimizing Lateral Shrinkage in a Co-fired C 
eramic-on-Metal Circuit Board" tfo*ixh 7X 
ff3S5.277.724^fcT&oJt4 ; btfX'% ht\ ZVft 

mi. %mm#x'*®izmxztih. 

1 0 0 2 5 ] lilt *HW<^*ttHi6Wfci5 , LT 
CC-MflBt$-ffl|iri«SSiiSH*Mr U-f 7>tt- 1 0 
Ozm^-fZ. TV47v=ry~\ OOli, ^JSnTBl 
0 4<^M1!lfc:*mSiifc3fS— fe7i7?il 0 2k. ^ 
Jis TJI 1 0 4 ?)R#t8k::fSig£ ii^mz-fe 757^1 
10 6k ££tr. ^^ii^affiH^^p 130. 10 
Sii, ^Z-b^S vi?^ 10 6CK0fttt4>ifC^&. 
hu3£E L/iJ: a t:^— fe 7i7^iL02i %Z-ty 5 -y 

^« 1 0 6 it. &*tm-~r>-ty 5 7 mxumfrMbi 

tytltz-t 5^7 vl k ^^riET* S . 

[0026] itm^izmmwi (mun?) <n®m&* m 

— ty 5 >y ^11 0 2tCflM»Sfl4W*<j(Fi U\ Jrbt? 

10 8li. £Z-te5S-y?Jil0 6±fci&tt§*i6. 7 
U-f 7yft 1 0 0^(K^fi|«flRIlI»Ji. ^Z-lr? $ y 
9M10 6 kWft&tttfiQm&fflt? 1 0 9^Hs 1 1 

izi>-kA,xt^\ z<7)£?iz s itmm&^mmsi® 

S&tfRttMl 1 2\,zftLftm.ZtiX^h<MiZttLX . ifc 

«w®sas0gjHi. ^jg3 7Jii 0 4c7)^ai]i 1 ocw 

[ 0 0 2 7 ] 0 1 iZtJ^T . 1 1 4 ti, 

ife«3 7JB 1 0 Anftmvrmffi 1 1 0±ic^i2i?iit 

w^. mm^i 14 a. hi t*j^-cmiwt:P3»4 
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t\ StftltTl 1 4(4, JSJUifcftSMSEIJg 1 1 6(c j: 0 
tltt£ft4RFfI-f ©ill^fi^zio-Clglll 
$ii4. 

COO 28] 01 (Ci^vc. £jg:J7S 1 0 4zM->X 

i o sutmm? i 1 4 izmsztiz . 7 1 
^sjjui&iiai 1 1 ok, wiiAVTi 1 smi^atf 

mJErSBS-f!.. ftOSgl 0 4(4, Sv 

^)*<a4 1 ^LTcc-Mflfi»o»4HBrcy-A' k s-attt 

4. 

C00 29]— -O&hMf-W/U 7 1 1 9*4, SI 
-b?$ y?JIl 0 2F*JC:J&£**1, m— fe75-y^l<7) 
SP^-^Sv *fc«8W"4 £ k ^ffiT* 4 . «ft 
<50x-;UhV\'-f T 1 2 0 {4, 33~<7)-fc:7 S 7^11 0 6 

'Mek-t 4 z t tf^mx-b 4 . 

[ 0 0 3 0 ] 7 7>ft 1 0 0?>-ffik LT^fl 

fc, EtM (d^tf-f ) , flUttEI2A£*!Hl/C«ie 

k ii4 la-os-a § tix t i < . mv&mm& 

[0031]iim^, &Ktt!I&iEi&« > U #A 
- (H^-T) a: T V A 7yf~t- 1 OO^iS^fflll 1 

2(4, ^jsnr/ii 0 4frt>mtLh-%mz / mimi 02 

*»4>ftfiL"ti^. i'-^Kitl 22(4, ^-/Ph'^ 
*;H2 4fc«5tU -£ii(4, > — yUKMl 22(2J:0 
ftWR^l 14#&tKKWfc:Hl»$*vC^4. fu^ 

f h 0S8a?aa (gmm/mm) (4, mm=ri 1 4*> 
J:^. mm. mfflfommmzi 1 6, 

A&o&lXIsiftM:. i/-;l/Kft^;H24f*i{:t 
jWiTiiv*. BS51 2 6*>«fc3fcgf&as,B,i. 
h'f-v 12 4 fitzWfrtlX t J: v \ j&i/i^n y-f y 

o5:fl!!<OEI»*^{i. 7yf+l 0 Ort^S^ 

[003 2] B31(C£lvC{,. 7i7'f hill 2 8(4, 
t55 -y^g^&JgrJT/il 0 4k»Hil 0 2^(C 

ozm&wmmzimi-z. muz. u-*- 

(4 , &ofrcr>m%i ZhtcZhV ->7yA yaffil fc 7 V 

t-^u-^ -wfrmximmiz , 1 oia± 
?m i o 2<omnxitftmzBfitztLt2Qmmzw.<z 



RdBSl 1 Q&zBfcZtLtztch. Ztl^coimfc-ty $ 
v 9 mUX' 7xy4h 4 -I k » 4 . 

[0033] 7V47VT-t- 1 0 OO^SHi. Wh%% 
X'±yi-v7m?mo£:$£1tb. v+<r)Sio%m 

(micro-electro-mechanical ) BaaZ&tilt &ffejlzl£ 

wrasBeiatsfi*. ztibon -y-H4. mi 
7zftix-r>x\±zh.vi±.<nmm=?-i 1 4(c^$ 

iittJ:^. #^(4, 7VA T^ftl 0 O^Si^jfe 
lllll 1 0(Cjgfi)c$^, ffit^a^'Cftlt^^l 14(C 
RF^^(4teOSv^fi-t*iM-D-CiJ:^. i^tmzl 

hm$m&.%\t, 02a. 02 b, miczpmix 

[0034] 7va ryft l oo^)^<£0jiffl^io 
(4 , ^r&i iifio?ti6 (ciUfi^ k Sfi» * ^ ft-r 4 jl - 

7hf*4. *MaU(C iHflt&kgflTWfi, »s5r4 
Wftftflf-CiJ^r 6 . ^<^J:-?(z, Tl^"fT yft 1 0 
0(42oc7)-9-7"7'U^ ttthi. 3(zISI+$ii, -o(i 
iS«»*a^. -o(4SfIIS*:jSp. JrOffi^T 
l^^f<4, *^W(3 r^^;i,-j n9-y\z.Htfhm\<n7 

RfH" 4 £ k t «THT* 4 . a^OLTCC-M^ ;K4 , & 

mzmtx. x <ofc^7 yTi-tfti&iz&smz . 

^o^o&tf- K(4, >tfi|X(4Mf|iJ(=z$ft/^-y5.r>' 

[ 0 0 3 5 ] 02 A(4, LTCC-MMJt"Cttffl$fl4. 

^««2 0 0$rW*WK:5^. SRft < ff2 0 0(i, Hi 
cryrvj 7yfi- 1 0 OcoJ: o ^r, ($M7l"( 7yy-1~ 
Z-Wmzffii.hMzl&l.zmth . SKSW^aiOiBL 
(4, -#^SitfcE J FBff7 , D-r"CfBf4*CjtBJcT* 4. 
[0036] *««2 0 0(4, LTCC-Mfl|Jirtt*fia*<!0 

SfS*RFE«*4is. zco£o%msmm&x'min 

(4, 5 1M- h^ftKllrtTSftf^-f SRFiijl^X-f A^) 

j: ozwifflfommz-ttixmt WMMizmzfe 

k CMiif 4«*k ^ 0 J: 0 , ±fc8Sfii:^R«*-C* 
4. 

[0037] 02Afcj3WC. zg^t 2 0 0 (4©±^ 
^M2 0 2 tJSg|5^mM2 0 4 **tr. &MBI12 0 
2, 2 04(4, lA^^JiXH'J y7t IX7U47>-t 
1 1 0 OV&fflmi 1 1 0<7)J: o^r, LTCC-M^jfco^il 
CD-ty$v?!§mX'7Vyh2ti&e)tfm£ U\ H2 
A<mm2Q 0(4, fctifi£-»k LTfil 

»aWWr r Yj B«5rW-f4. 
\±-*M&W&&# 2 0 6 <0fl2 * IX \,\ 4 . 2 0 
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t 2 m%W0%1j&&ft 2 0 S . 2 10 tZJHTf 4 . 
[ 0 0 3 S J 0 0(4. -otLh^-t^S y 71 

(4, lll'Cfc(t47W7y-f?V)4 7*>x^t 

-f:M 0 0OJt»*fl 14(;&£-*ii4. .T<7)4o 
*=, @i*^2 0 014. mmtem 1 1 6 him%=r 1 1 

4 1 nmxseztz 4 o tzm&ztn . 

[00 39] 02BJ4. 2A-2A»lC«Hfc#j$'ff2 
0 0<^)-^2 0 6 ^4>c7), H2A(C*i»t4«Wf20 0 
0-001®!!?* 4. 02B?)[lT-(4. 3£j£l : 2 0 0 , 4. 

2 1 4 *UtHft<?)-fc 75 7? 

12 1 2l*)(;:flM£*iT^4. EUfl&fBTMryf- 
71 0 0fi(C&&i : 2 0 0£^j!lc-f4|g'. afiSWilX 
li*-*lKLLtf>-fc 5 5 y^JirtT. 0 4^K 

tteJ/ifenydf-^^M 1 6 (I J: 

net 2 o o ws^r ^aic^ffl $ *i-c t 4 w 

T0040] IS2B-2BC«HT@2A?)i»&^20 

0 £ JL4 . Rf§i#Oft?>4 o 
BmmvatW 7 2 1 6(4. *tt¥2 0 0»C, 

2 o 2&tflsai&Hfi 204 (rm&wyts: <ti>— 

^Z^-oX^miZj^^tlX t *4 . m 2 BRt/ffl 2CX' 
^H**l44o(;:. -m?)Wmft'U72 1 6tf>**(4. 
l3fe:S«$iX)t-fe 5 5 -v 7 V 2 1 2 LTH^IM 
2 0 2fcK»&«te»tt-r*. 
[0041] * 2 ^)ttao*«ttAV T 2 18(4. H2 

B(;:*$fx44 3(c. Sl^ote;frWfc:|S|«*cJBj*$ 
*l. m 3 cnmwmW&> ^ 7* 2 2 0 (4 , [12 AC:^ 
ii44 o'c. «%V2 0 0O#«$ftfc»«tf)B!M,rt£« 

JiO^t^ft'ffOR^OT. 2 0 9. 2 1 1 
tmfcZtiX^h. 02BTin$fi4J:3fc, OSSOT 
ttA-f7216. 2 18. 2 20(4. JS^&Bfi 2 0 
2. 2 0 4(Z|lLTiti8W(:$<&-oT:^4„ 
[0042] H2A. H2B. H2 CHH^^fil. J: o 
lz . SBHRBiSSfM h 'J -y 7"A-f t 2 2 4 (4. 1S-SHK 

ttA-f r 2 1 6^iatc^tts$fi. mzn8S#«c>c h y y 

7-2 2 6(4. (5I«(Z. T 2 1 80lBfc:$ 

Ji£3ivO*S. H2A(z^$iiS4d(:. SHSS2 0 0 
0^«a«2 2 2(z&tt4rH]gi'2 2 2rtfc:jttlfiSW)-f 4 
*fc»flfc*iirt:, SfH8BS*«£^hy-y7-2 2 8«. * 
<Dffit&ftcr>mE.&mft; U72 20 omz-frft. $ JvO * 

4. 

[0043] mfc'g 2 0 0<y)SW^-W(Ct5^T . Mm. 



ii&%%iE\Qt^o mmz- Fx-mses 20 o<oma 2 

0 7(Cr6](toft4. «Si(4. WWU7216. 2 
\ SX'®f&.$tltz) &«D£v^2 0 2, 204*:$ 

v^KSBtSA*, SWS*2 0 0<y)«V48O«a[tt. £E 
S3JKf»t r 5 . w tf> J: 3 (c . miM 425i£! : 0£v >|| 

oHf. mmzmm . ?»^72 1 6 . 21s 

(4 . i OMB8W*tt» $ ft.4 c I. . 

(0044 ] 113(4, W-MTyy-i-SOO'c IXffi&Z 
tlfzLKC-mitZm^i-h. ¥®Ty7 1 ^3 0 0(4. W 

m&vffi%%ti$mm<7)mijX'M.^iii-£&£ o%&m 

^i. MffiSl.i'A J rJ>0)-'MttzMlX^$>. 
[0045] i F®Tyr7300(4. ^-1<-^130 
2££t?TOf rW-f 60 *—fc7S-y?« 3 0 4« 

3 0 2 ^IfgUtca^ ii. gtfiffi 3 0 6 (4^ 
— fe5S-y^JB304^)lM»C«4ii, 11*5 5 7? 

#^3 1 0(4. IBZHr5Sy?J|3 08^)]I»tjSttS 
ntv^. iai^4:9 5:LTCC-»f|jti^(z|15^®r> 
T7*«$ill»±|-^. ^JS^-^.J13 0 2 (4. ^En 

7*1 1 o 4 (z^jE-r h z t t^imx-h o . ttmm-t y s 

•y?*. imms 0 6 . JSdt»^ 3 1 0(4. LTCC 

[004 6 ] H3Cfc^T. iS«S3 12(4. SS~fc5 
$7713 0 4f*](wii^3i^il. tflfeESO 6$T3ioT 

i&ttt4ttft<o*itttA*>f T3 1 4 fcatTawt*^ 

1 0£.&&ZtlX^&. RMM3 1 2(4. iS?g^7^ 
^^figcOd^iMft $ HX t, «t V ^ . ?J?S * ftl^r 4 4 o 

izffif$.ztitz*mi<om?>mmii. me $-#bs lt . 
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I Title c f 1 2 ? e c : : c r. 

ANTENNAS FORMED USING MULTILAYER CERAMIC SUBSTRATES 

2 CI a ! it 5 

What is Claimed is: 

1. An array antenna comprising: 

a first ceramic layer and a second ceramic layer; 

a metal layer disposed between the first and second 
ceramic layers ; 

a plurality of radiating elements mounted on the 
first ceramic layer; and 

a plurality of control circuits mounted on the 
second ceramic layer and coupled to the radiating elements 
through a plurality of conductive vias which feed through the 
metal layer. 

2. A waveguide formed within a plurality of 
ceramic layers stacked on top of a metal layer comprising: 

a top metal wall disposed between one pair of the 
ceramic layers; 

a bottom metal wall disposed between another pair of 
the ceramic layers; 

a first sidewall defined by first conductive vias 
extending through ones of the ceramic layers between the top 
metal wall and the bottom metal wall to connect a first side 
of the top metal wall to a first side of the bottom metal 
wall; and 

a second sidewall defined by second conductive vias 
extending through ones of the ceramic layers between the top 
metal wall and the bottom metal wall to connect a second side 
of the top metal wall to a second side of the bottom metal 
wall . 
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3. An antenna comprising: 

a first ceramic layer and a second ceramic layer; 

a metal layer disposed between the first and second 
ceramic layers; 

a plurality of radiating elements mounted on the 
first ceramic layer; 

a plurality of control circuits mounted on the 
second ceramic layer and coupled to the radiating elements 
through a plurality of conductive vias extending through the 
metal layer; and 

a waveguide embedded the first ceramic layer and 
coupled to the radiating elements through conductive vias 
extending through the metal layer to route signals to the 
radiating elements. 

4. A waveguide formed within a plurality of 
ceramic layers for distributing power, the waveguide 
comprising a rectangular portion formed within ones of the 
ceramic layers which branches into at least two distinct 
rectangular portions in the plane of the ceramic layers. 

5. An array antenna comprising: 

a first ceramic layer having a first feed element 
embedded therein; 

a second ceramic layer having a second feed element 
embedded therein; 

a radiating element disposed proximate the second 
ceramic layer opposite the first ceramic layer; 
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a first ground plane disposed between the first and 
second ceramic layers, and a second ground plane disposed 
between the second ceramic layer and the radiating element; 

a first shielded coaxial transmission line which 
feeds through the first and the second ground planes to couple 
the first feed element: to the radiating element; and 

a second shielded coaxial transmission line which 
feeds through the second ground plane to couple the second 
feed element to the radiating element. 

6. A switch formed in a plurality of ceramic 
layers stacked on top of a metal layer comprising: 

a first electrode having a first portion disposed 
between a first pair of the ceramic layers and a second 
portion extending into a cavity formed in the ceramic layers; 
and 

a second electrode having a fixed portion disposed 
between a second pair of the ceramic layers and a moveable 
portion extending into and moveable within the cavity to 
engage the first electrode, 

■ 

7. A method of making a switch in a plurality of 
ceramic layers stacked on top of a metal layer comprising: 

depositing a metal layer; 

depositing a first ceramic layer on top of the metal 

layer; 

depositing a stimulus pad on top of the first 
ceramic layer; 

depositing a second ceramic layer on top of the 
stimulus pad and the first ceramic layer; 
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depositing a first metal patch and a second metal 
patch on top of the second ceramic layer, the second metal 
patch being proximate the stimulus pad; 

depositing a third ceramic layer atop the first and 
second metal patches and the second ceramic layer; 

forming a cavity in the third ceramic layer such 
that a portion of the second metal patch extends into the 
cavity to define a first electrode; 

forming a stand which extends vertically from the 
first metal patch along a wall of the cavity; 

attaching one end of a third metal patch to an end 
of the stand opposite the first metal patch to define a second 
electrode, the third metal patch being a hinged portion of the 
second electrode moveable within the cavity to engage the 
first electrode. 

8. An antenna comprising: 

a metal base layer; 

a first ceramic layer stacked on top of the metal 
base layer; 

a ground plane stacked on top of the first ceramic 

layer; 

♦ * 

a second ceramic layer stacked on top of the ground 

plane; 

a plurality of radiating elements mounted on top of 
the second ceramic layer; 

a third ceramic layer stacked on top of the 
radiating elements and the second ceramic layer; 
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a plurality o£ parasitic radiating elements mounted 
on top of the third ceramic layer,, each parasitic radiating 
element being proximate to and paired with a respective 
radiating element such that the pairs are capacitively 
coupled. 

" 9. A planar antenna comprising: 

a metal base layer; 

* 

a first ceramic layer disposed on top of the metal 
base layer; 

a first ground plane disposed on top of the first 
ceramic layer; 

a second ceramic layer disposed on top of the ground 

p lane ? 

a second ground plane disposed on top of the second 
ceramic layer; 

a third ceramic layer disposed on top of the second 
ground plane ; 

a plurality of radiating elements mounted on top of 
the third ceramic layer; 

a first distributed network embedded in the first 
ceramic layer and coupled to the radiating elements through a 
plurality of vias extending through the first and second 
ground planes to provide a first signal having a first 
polarization to the radiating elements; and 

a second distributed network embedded in the second 
ceramic layer and coupled to the rating elements through a 
lyrality of vias extending thr*** the second ground plane to 

prov; a second signa> having a second polarization to the 
radiatxng elements; 

whereby a xadiated signal provided by the radiating 
z.s may be- controlled in polarity by controlling the 
and second signals in magnitude. 



(£0) )00-114S66 (P 20 0 0-= 6 



3 Detailed Dmrip-ica o( ! r *f r. i i r £ 

This application claims the benefit of U.S. 
Provisional Application No. 60/095,689 filed August 7, 1998. 

FIELD OF THE INVENTION 

The present invention relates generally to antennas 
and, more particularly, to antennas formed using multilayer 
ceramic substrates. 

BACKGROUND OF THE INVENTION 

Antennas have become essential components of most 
modern communications and radar systems. One benefit of these 
antennas is the ability for their beams to be easily scanned 
or re-configured, as required by the system. Another benefit 
of these antennas is their ability to generate more than one 
beam simultaneously. 

As operating frequencies rise, array antennas are 
desirably constructed as smaller devices. This is because the 
required spacing between radiating elements within the antenna 
is typically a function of wavelength. There is a strong 
technical incentive, therefore, to make these antennas 
compact . 

In modern satellite services, each service generally 
covers a different frequency range, different polarization, 
and different space allocations. Consumers are interested in 
addressing these different services without having to use a 
different antenna to access each service. 

Conventional solutions for designing a single 
antenna capable of communicating with various services entail 
the use of expensive phase shifters, typically using 
Monolithic Microwave Integrated ^: rcu it s (MIMIC) circuit-^ 

* 

There is, therefore, also a strong cv^nercial incentive, 
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especially in the newly developing millimeter -wave LMDS and 
satellite services, to minimize size and cost. 

As phased array antennas become smaller, however, it 
becomes more difficult to generate, distribute, and control 
the power needed to drive these devices. 

In addition to the size constraints imposed on 
antennas by modern communications sys terns r higher frequency 
systems require the development of lower-loss power 
distribution techniques. Many RF systems operating in the 
millimeter-wave range, such as vehicular and military radars 
and various types of communications systems, require the 
distribution and collection of RF signals with minimal 
attenuation in order to maintain high efficiency and 
sensitivity. Conventional power distribution techniques, 
however, have associated problems which prevent this desired 
balance between efficiency, sensitivity and attenuation. 

Planar antennas have been known to be very difficult 
to design, as they have historically used EM coupling from a 
buried feed network to radiating elements mounted on the 
surface of the antenna. In particular, EM waves are difficult 
to direct, and energy can leak in various directions, 
degrading the isolation between the feed network and the 
radiating elements. This problematic scenario is compounded 
if multiple signals having different polarizations are fed to 
the radiating elements, each polarization having its own feed 
network in a multi- level environment. 

SUMMARY OF THE INVENTION 

According to one aspect of the present invention, an 
array antenna includes a first ceramic layer and a second 
ceramic layer. A metal layer is disposed between the first 
and second ceramic layers. A plurality of radiating elements 
are mounted on the first ceramic layer, and a plurality of 
control circuits are mounted on the second ceramic layer. The 
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control circuits are coupled to the radiating elements through 
a plurality of conductive vias which feed through the metal 
layer or other means - 

The metal core layer serves several important 
functions. The metal core layer provides mechanical strength 
and structural support. In addition, the metal core layer may 
provide electrical shielding and grounding. The metal core 
layer also provides thermal management, as it is essentially a 
built-in heat sink, for efficient spreading of generated heat. 

During firing, the metal core layer provides for 
minimal shrinkage in the plane of a structure in which the 
antenna is formed. The metal core layer also provides for 
confined and well-calculated shrinkage in directions normal to 
the plane of the structure in which the antenna is formed. The 
mechanical stability of the ceramic multilayers is maintained 
throughout processing and allows high density circuits to be 
screened over large areas of the ceramic with good 
registration between layers. Vias are precisely located, and 
conductor patterns with tight tolerances may be formed over a 
large area board. 

According to other aspects of the present invention, 
the antenna may include a switch having a plurality of poles 
formed in the second ceramic layer and coupled to one of the 
radiating elements through one or more conductive vias. In 
addition, a plurality of phase delay elements may be coupled 
at a first end to a signal source and coupled at a second end 
to the respective plurality of poles of the switch. The 
plurality of phase delay elements may provide respective 
phase-delayed signals, in which case the switch would be 
activated to apply a selected one of the phase-delayed signals 
to the radiating element. 

According to another aspect of the present 
invention, a waveguide is formed within a plurality of ceramic 
layers stacked on top of a metal layer. The waveguide may be 
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shaped to branch into at least two portions in the plane of 
the ceramic layers. 

According to another aspect of the present 
invention, an array antenna includes a first ceramic layer 
having a first feed element embedded therein, and a second 
ceramic layer having a second feed element embedded therein. 
A radiating element is disposed proximate the second ceramic 
layer opposite the first ceramic layer. A first ground plane 
is disposed between the first and second ceramic layers, and a 
second ground plane is disposed between the second ceramic 
layer and the radiating element. A first shielded coaxial 
transmission line feeds through the first and the second 
ground planes to couple the first feed element to the 
radiating element, and a second shielded coaxial transmission 
line feeds through the second ground plane to couple the 
second feed element to the radiating element. 

According to another aspect of the present 
invention, a mechanical switch is formed in a plurality of 
ceramic layers stacked on top of a metal layer. A first 
electrode has a first portion disposed between a first pair of 
ceramic layers, and a second portion extends into a cavity 
formed in the ceramic layers. A second electrode has a fixed 
portion disposed between a second pair of the ceramic layers 
and a moveable portion extending into and moveable within the 
cavity to engage the first electrode. 

According to another aspect of the present 
invention, an antenna includes a metal base layer, a first 

■ 

ceramic layer disposed on top of the metal base layer, and a 
first ground plane disposed on top of the first ceramic layer. 
A second ceramic layer is disposed on top of the ground plane, 
a second ground plane is disposed on top of the second ceramic 
layer, and a third ceramic layer is disposed on top of the 
second ground plane. A plurality of radiating elements are 
mounted on top of the third ceramic layer. A first 
distributed network is embedded in the first ceramic layer and 
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coupled to the radiating elements through a plurality of vias 
which feed through the first and second ground planes to 
provide a first signal having a first polarization to the 
radiating elements. A second distributed network is embedded 
in the second ceramic layer and coupled to the radiating 
elements through a plurality of vias which feed through the 
second ground plane to provide a second signal having a second 
polarization to the radiating elements. A radiated signal 
provided by the radiating elements may be controlled in 
polarity and phase by controlling the first and second signals 
in magnitude. 

The multi -layer capability of antennas constructed 
according to the present invention allows for design of 
compact structures, with short lengths between components, 
resulting in lower losses and better overall performance. 

It is to be understood that both the foregoing 
general description and the following detailed description are 
exemplary, but are not restrictive, of the invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

It will be appreciated that the following 
description is intended to describe severaL embodiments of the 
invention that are selected for illustration in the drawings. 
The described embodiments are not intended to limit the 
invention, which is defined separately in the appended claims. 
The various drawings are not intended to be to any particular 
scale or proportion. Indeed, the drawings have been distorted 
to emphasize features of the invention. 

Many problems associated with conventional antennas 
are avoided using "Low-Temperature Co-fired Ceramic on Metal" 
(LTCC-M) Technology to form substrates in which the antennas 
are constructed. A typical LTCC-M structure includes a metal 
core layer and at least one ceramic layer deposited on one or 
both sides of the metal core layer. 

The metal core layer may be a Cu/Mo/Cu metal 
composite, because this material provides strong bonding to 
ceramic layers, although other materials such as titanium can 
be substituted. Openings or vias are formed in the metal core 
using a laser or mechanical drilling equipment. Vias in the 
metal core are preferably deburred and nickel plated. 

Ceramic layers deposited on either side of the metal 
core layer are preferably dielectric glass layers. Typically, 
at least one dielectric glass layer is formed on both sides of 
the metal core layer, although a greater or lesser number of 
glass layers could be formed on either or both sides. The 
electronic properties of the ceramics and metals are suitable 
for high frequency operation. 
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Additional information regarding LTCC-M technology 
can be found in U.S. Patent 5,277,724, entitled "Method of 
Minimizing Lateral Shrinkage in a Co-fired Ceramic -on-Metal 
Circuit Board, " which is incorporated herein by reference. 

Fig. 1 illustrates an integrated array antenna 100 
implemented with an LTCC-M structure, according to an 
exemplary embodiment of the present invention. Array antenna 
100 includes a first ceramic layer 102 mounted on one side of 
a metal core layer 104, and a second ceramic layer 106 mounted 
on the opposite side of metal core layer 104. Packaged 
surface-mount components 130 and 108 are attached to second 
ceramic layer 106. As indicated above, first ceramic layer 102 
and second ceramic layer 106 can each be a single ceramic 
layer or a stack of ceramic layers. 

Relatively higher frequency {e.g., RF) circuitry is 
preferably mounted on first ceramic layer 102. Circuitry 
operating at relatively lower frequency signals, such as 
control circuitry 108, is mounted on second ceramic layer 106. 
The lower frequency circuitry of array antenna 100 may also 
include printed passive components 109 conductors 111 embedded 
in second ceramic layer 106. As such, the relatively high 
frequency circuitry is segregated to one side 110 of metal 
core layer 104, while the relatively lower frequency circuitry 
is segregated to the opposite side 112. 

In Fig. 1, a plurality of radiating elements 114 are 
mounted on the high frequency side 110 of metal core layer 
104. Radiating elements 114 are shown in Fig. 1 as 
substantially circular metal patches, although such radiators 
may be formed in other shapes or as openings in a conductive 
sheet, and of other materials, as contemplated within the 
scope of the present invention. Radiating elements 114 are 
driven by high frequency signals, such as RF signals provided 
by high-frequency integrated circuits 116. 
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In Fig. 1, control circuits 108 are coupled to 
radiating elements 114 through a plurality of conductive vias 
118 which feed through metal core layer 104. Conductive vias 
118 are preferably silver- filled, although other conductive 
materials may be used. Conductive vias 1L8 route signals and 
voltages from the low frequency side 112 of the structure to 
the high frequency side 110. The metal substrate 104 provides 
shielding between portions of the LTCC-M structure which axe 
desirably isolated from one another. 

One or more shielding vias 119 may be formed in 
first ceramic layer 102 to shield portions of first ceramic 
layer 102 from one another. By the same token, a plurality of 
shielding vias 120 may be formed in second ceramic layer 10 6 
to minimize interference between portions of second ceramic 
layer 106. 

Included as part of array antenna 100, a power 
distribution network (not shown) , such as the power divider 
structure described below with reference to Fig. 2, may be 
embedded in first ceramic layer 102. The power distribution 
network may be coupled between a power source and radiating 
elements 114 through conductive vias, and may distribute power 
to each radiating element with appropriate amplitude and 
phase. 

In Fig. 1, a pair of shielding walls 122 having 
metallized surfaces, desirable for attaching a cover (not 
shown) to high frequency side 110 of array antenna 100, rise 
from first layer 102 in a direction away from metal core layer 
104. Shielding walls 122 define a shielding channel 124, 
which is electromagnetically isolated from radiating elements 
114 by shielding walls 122 . Discrete circuit components (both 
passive and active) may be placed in shielding channel 124 for 
isolation from radiating elements 114. For example, active 
components such as the high-frequency integrated circuits 116, 
various transistors, and other integrated circuits may be 
seated within shielding channel 124. Passive components such 
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as a magnet 126 may also be seated within shielding channel 
124. Other circuit elements, such as resistors and 
capacitors, may be mounted on or embedded in other channels or 
cavities in antenna 100. 

Also in Fig. 1, a ferrite layer 128 is disposed 
between metal core layer 104 and first layer 102 of the 
ceramic substrate, allowing the realization of components such 
as circulators and isolators. For example, a circulator may 
be implemented in microstrip form as a printed resonator with 
several connected strip lines. One or more magnets 126 may be 
positioned on either or both sides of the circulator. These 
magnets could be positioned on the surface of first ceramic 
layer 102 or in a cavity formed therein. If a plurality of 
dielectric ceramic layers were formed on high frequency side 
110, a ferrite layer could be interspersed between these 
dielectric ceramic layers. 

Features of array antenna 100 include the 
flexibility of using ceramic layers with high dielectric 
constants, and the capability of forming MEM (micro-electro- 
mechanical) components, such as switches. Exemplary micro- 
electro-mechanical switches are described in greater detail 
below with reference to Figs. 9A-9D. These switches may be 
formed, for example, in the second ceramic layer 106 and 
coupled to one or more of radiating elements 114 through 
conductive vias. A waveguide may also be formed on high 
frequency side 110 of array antenna 100, for delivering RF or 
other high frequency signals to radiating elements 114 with 
low power loss. An exemplary waveguide in accordance with the 

* 

present invention is described below with reference to Figs. 
2, 2A, and 2B. 

One of many applications of array antenna 100 is a 
unit which provides a transmitter ray and a receiver ray for 
two-way communications. Typically, the transmitter ray and 
the receiver array would operate at different frequency bands. 
Thus, array antenna 100 could be designed to have two sub- 
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arrays, one to handle the transmitter and one to handle the 
receiver. Also, wider arrays may be designed by placing 
multiple LTCC-M boards, such as the antenna of Fig. 1, 
essentially in a "tile" pattern. Multiple LTCC-M tiles could 
be combined to create larger antennas if desired. Various 
boards could have multiple ceramic layers and conductor 
patterns on either or both sides. 

Fig. 2 illustrates an exemplary waveguide 200 formed 
as a power divider or combiner structure for use in an LTCC-M 
structure. Waveguide 200 is particularly well-suited for 
integration with a phased array antenna, such as array antenna 
100 of Fig. 1. Launching into the waveguide can be 
accomplished easily with an integrated E-plane probe. 

Waveguide 200 provides low loss high frequency RF 
power distribution within the LTCC-M structure. Such power 
distribution with minimal loss is desirable for high frequency 
technologies such as RF communications systems operating in 
the millimeter-wave range. Losses in a distribution network 
are minimized, particularly between the location where such 
higher frequency signals are generated and where they are 
radiated. Losses in the waveguide structure of Fig. 2 are 
primarily ohmic metal losses, rather than losses related to 
the ceramic filling the structure. 

In Fig. 2, waveguide 200 includes a top metal wall 
202 and a bottom metal wall 204. Metal walls 202 and 204 are 
desirably printed between ceramic layers on one side of an 
LTCC-M structure, such as the high frequency side 110 of array 
antenna 100, as broad metal strips. Waveguide 200 of Fig. 2 
is configured as a power splitter or combiner and has a basic 
"Y M shape. At one end, the waveguide is in the shape of a 
single rectangular portion 206. Along the length of waveguide 
200, this single rectangular portion branches into at least 
two distinct rectangular portions 20 8 and 210. 
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Waveguide 200 is preferably embedded within one or 
more ceramic layers. These ceramic layers may be stacked on 
one side of a metal core layer in an LTCC-M structure 
configured as an antenna, such as array antenna 100 in Fig. 1. 
One end of waveguide 200 may be coupled to high frequency 
circuits 116, while the other end of waveguide 200 is coupled 
to radiating elements 114 of array antenna 100. In this way, 
waveguide 200 would be configured to deliver power between the 
high frequency circuits 116 and radiating elements 114. 

Fig. 2A is a side view of waveguide 2 00 in Fig. 2 
from one end 206 of waveguide 200 along lines 2A-2A. in the 
illustration of Fig. 2A, waveguide 200 is formed within a 
plurality of ceramic layers 212 stacked on top of a metal base 
layer 214. If forming waveguide 200 in phased array antenna 
100 of Fig. 1, the waveguide may be embedded in one or more 
ceramic layers on high frequency side 110 of metal core layer 
104 and coupled to radiating elements 114 through conductive 
vias to route signals provided by components 116 mounted in 
shielding channel 124, Alternatively, apertures in waveguide 
walls may be used to couple radiating elements 114 to 
waveguide 200. 

Viewing waveguide 200 of Fig. 2 along lines 23-2B, a 
first plurality of conductive vias 216, shaped as cylindrical 
posts, are evenly distributed along at least a portion of the 
perimeter of the top and bottom metal walls 202 and 204 on the 
sides of waveguide 200. As shown in Figs. 2A and 2B, each of 
the conductive vias 216 in the series connects top and bottom 
metal walls 202 and 204 through any ceramic layers 212 
disposed therebetween. 

A second plurality of conductive vias 218 are 
similarly formed on another side of the waveguide, as shown in 
Fig. 2A, and a third plurality of conductive vias 220 are 
similarly formed in a recessed portion 222 of the branched 
region of waveguide 200, as shown in Fig. 2. In this way, a 
discrete series of disjointed sidewalls are formed about the 



(81))00-114866 (P20 0 0-IBBIS 



perimeter of waveguide 200, less openings 207, 209, and 2 LI of 
the waveguide. Sidewall conductive vias 216, 218, and 220, 
are relatively narrow with respect to broad metal walls 202 
and 204, as shown in Fig. 2A. 

As illustrated in Figs. 2, 2A, and 2B, a first 
sidewall conductive strip 224 is interposed between first 
conductive vias 216, and a second sidewall conductive strip 
226 is similarly formed between second conductive vias 218. 
As shown in Fig. 2, a third sidewall conductive strip 228, 
shaped for positioning within recessed portion 222 in the 
branched region 222 of waveguide 200, is interposed between 
third conductive vias 220 in that region. 

In one example of the operation of waveguide 200, 
current is directed into opening 207 of waveguide 2 00 in 
dominant TE l0 propagation mode. While current flows both in 
the broad walls 202, 204, and narrow walls of the waveguide 
(defined by conductive vias 216 and 218), current in the 
narrow walls of waveguide 2 00 has only a vertical component. 
Thus, the electric field traverses vertically between the 
broad walls of the waveguide. Disjointed conductive vias 216 
and 218 allow this vertical current to be maintained. 

Fig. 3 illustrates an LTCC-M structure configured as 
a planar antenna 300. Planar antenna 300 is suitable for 
integration into low power, high frequency systems such as 
those found in both military and commercial receiver 
applications . 

• 

Planar antenna 300 has multiple layers, including a 
metal base layer 302. A first ceramic layer 304 is stacked on 
top of metal base layer 302, a ground plane 306 is stacked on 
top of first ceramic layer 304, and a second ceramic layer 308 
is stacked on top of ground plane 306. A plurality of 
radiating elements 310 are mounted on top of second ceramic 
layer 308. If the planar antenna of Fig. 5 were formed in an 
LTCC-M structure such as that of Fig. 1, metal base layer 302 
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may correspond to metal core layer 104, and the additional 
ceramic layers, ground plane 306 and radiating elements 310 
may all be stacked on high-frequency side 110 of the LTCC-M 
structure. 

In Fig. 3, a distributed network 312 is embedded in 
first ceramic layer 304 and coupled to radiating elements 310 
through a plurality of conductive vias 314 which feed through 
ground plane 306. Distributed network 312 is preferably a 
high density feed structure, through which signals of various 
polarizations may be transmitted. Another embodiment of the 
present invention configured for providing dual polarizations 
is discussed below with reference to Fig. 6. In Fig. 3, first 
ceramic layer 304 preferably has a high dielectric constant to 
facilitate propagation of higher frequency signals through 
distributed network 312. Second ceramic layer 308 preferably 
has a relatively low dielectric constant with respect to first 
ceramic layer 304 to allow for wide bandwidth operation of 
planar antenna 300. 

In Fig. 3, direct connections of distributed network 
312 to radiating elements 310 by conductive vias 314, shielded 
by ground plane 3 06 or not, is advantageous over conventional 
planar antennas. Planar antennas formed using LTCC-M 
technology have wider bandwidth transmission and reception, 
minimal isolation leaks, if any, less excitation of surface 
waves, and reduced cost in both design and integration. 

Fig. 4 illustrates another configuration of a multi- 
layer planar antenna 400, formed according to an exemplary 
embodiment of the present invention. Antenna 400 is a multi- 
layer structure, similar in some respects to planar antenna 
300 of Fig. 3. Planar antenna 400 may be formed, for example, 
on a single side of an LTCC-M structure / such as high- 
frequency side 110 of array antenna 100, with a metal base 
layer 402 corresponding to metal core layer 104 of antenna 
100. 
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In Fig. 4, a first ceramic layer 404 is stacked on 
top of metal base layer 402, and a distributed network 40 6, 
such as a high-density strip-line feed network, is embedded in 
first ceramic layer 404. A ground plane 408 is printed on top 
of first ceramic layer 404, and a second ceramic layer 410 is 
stacked on top of ground plane 408. A plurality of shielding 
vias 412 are formed in first ceramic layer 404 to isolate 
portions of distributed network 406 and first ceramic layer 
404 from one another. Shielding vias 412 also function to 
connect ground plane 408 to metal base layer 402, providing a 
common ground therebetween. 

In Fig. 4/ a plurality of radiating elements 414 are 
mounted on top of second ceramic layer 410. Various feed 
elements 406a and 406b of distributed network 406, are coupled 
to radiating elements 414 through conductive vias 416 and 418, 
which extend through ground plane 408. A third ceramic layer 
420 is stacked on top of radiating elements 414 and portions 
of second ceramic layer 410 not covered by radiating elements 
414. A plurality cf parasitic radiating elements 422 are 
mounted on top of third ceramic layer 42 0. Each parasitic 
radiating element 422 is proximate to and paired with a 
respective radiating element 414, such that the pairs are 
capacitively coupled. The parasitic radiating elements 422 
function to broaden the bandwidth at which array antenna 400 
would otherwise be capable of operating. 

Fig. 5 illustrates a planar antenna 500 formed as a 
double-sided LTCC-M structure, according to an exemplary 
embodiment of the present invention. Planar antenna 500 
includes a first ceramic layer 502 mounted on one side of a 
metal core layer 504, and a second ceramic layer 506 mounted 
on an opposite side of metal core layer 504. A plurality of 
radiating elements 508, preferably printed dipoles, are 
mounted on first layer 502. A plurality of discrete circuit 
components 509, such as capacitors and resistors, are embedded 
in second ceramic layer 506. Other circuit elements, both 
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passive and active, may be embedded within second ceramic 
layer 506 as desired. 

In Fig. 5, a distribution network 510 is mounted on 
a surface of second ceramic layer 506, rather than being 
embedded therein. A plurality of amplifiers 512 are also 
mounted on this surface of second ceramic layer 506. Each 
amplifier 512 is coupled between a feed element of 
distribution network 510 and a radiating element 518 through a 
conductive via 514 which feeds through metal core layer 504. 

Surface distribution network 510 in planar antenna 
500 of Fig. 5 may pass high frequency (e.g., RF, microwave, 
etc.) or relatively low frequency signals. In either case, 
the amplifiers receive these signals from the feed elements of 
distribution network 510, translate these signals to higher 
voltages, and pass the translated signals through conductive 
vias 514 to radiating elements 518. 

Fig. 6 illustrates a dual -polarized radiating 
antenna 600 formed in an LTCC-M structure, according to an 
exemplary embodiment of the present invention. Antenna 600 
includes a metal base layer 602, which may correspond to metal 
core layer 104 if antenna 600 were formed in the LTCC-M 
structure of Fig. 1. A first ceramic layer 604 is disposed on 
top of metal base layer 602, and a first ground plane 606 is 
printed on top of first ceramic layer 604. A second ceramic 
layer 608 is disposed on top of first ground plane 606, and a 
second ground plane 610 is printed on top of second ceramic 
layer 608. A third ceramic layer 612 is disposed on top of 
second ground plane 610, and a plurality of radiating elements 
614 are mounted on top of third ceramic layer 612. 

In Fig. 6, a first distribution network 616 is 
embedded in first ceramic layer 604. First distribution 
network 616 is configured as a strip line feed which is 
capable of carrying a first signal having a first 
polarization. At least one of the feed structures of first 
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distribution network 616 is coupled to radiating elements 614 
through conductive vias 618 which pass through first and 
second ground planes 606. 610. A second distribution network 
620 is embedded in second ceramic layer 608. Second 
distribution network 620 is configured as a strip line feed 
which is capable of carrying a second signal having a second 
polarization. At least one of the feed structures of second 
distribution network 620 is coupled to radiating elements 614 
through conductive vias 622 which pass through second ground 
plane 610. 

in Fig. 6, first ground plane 606 provides shielding 
between first and second ceramic layers 604 and 610, thus 
preventing first and second signals transmitted therethrough 
from interfering with one another. Also, second ground plane 
610 provides shielding for circuits embedded in the LTCC-M 
structure below second ground plane 610 from undesirable 
frequencies or noise possibly created by radiating elements 

614. 

When the first and second signals are propagating 
through the first and second ceramic layers 604 and 610, 
radiating elements 614 essentially "tap- these signals through 
direct via connections 618 and 622. Thus, one may control the 
polarity of the cumulative signal provided to radiating 
elements 614 fr-.i Lv-h distribution networks 616 and 620, by 
control*, i. : he respective polarizations and amplitudes of the 
first and second signals. 

Figs. 7A and 7B illustrate a coaxial transmission 
line 700 formed in an LTCC-M environment, according to one 
embodiment of the present invention. Specifically, Fig. 7A is 
a side view of coaxial transmission line 700, while Fig. 7B is 
an end view of coaxial transmission line 7 00 taken along lines 
7B-7B in Fig. 7A. 



Coaxial transmission line 700 is capable of 

•rious elements in an LTCC-M structure, possibly 
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as a substitute for conductive vias in configuration described 
above. Transmission line 700 is particularly well-suited for 
interconnecting a radiating element to a feed structure of a 
distribute network through one or more ceramic layers. 

In Fig. 7A, a plurality of ceramic layers 702a-d are 
stacked on top of a metal pad 704 representing, for instance, 
a feed structure of a distributed network. A radiating 
element 706 is mounted on top of ceramic layer 702d. A 
conductive via is formed through ceramic layers 702a-d, 
defining an inner conductor 708 of coaxial transmission line 
700. Inner conductor 7 08 extends through ceramic layers 702a- 
d to couple metal pad 704 to radiating element 706. 

In Fig. 7A, a plurality of outer conductive vias 
extend through ones of ceramic layers 702. As better 
illustrated in Fig. 7B, this series of outer conductive vias 
are spaced apart from one another and distributed radially 
about inner conductor 708. The plurality of outer conductive 
vias defines a disjointed outer conductor 710 of coaxial 
transmission line 700. Outer conductor 710 and inner conductor 
708 cooperate to provide direct EM coupling between metal pad 
704 and radiating element 706. 

In forming an LTCOM structure to include coaxial 
transmission line 700, a ground plane 703 is desirably printed 
on top of ceramic layer 702c before layer 702d is st^Ked on 
top thereof, to provide a ground for ^t<=x conductor 710. 
Ground plane 703 is positioned to contact each of the outer 
conductive vias which define outer conductor 710 of 
transmission line 700, when such conductive vias are formed in 
the LTCC-M structure. Ground plane 7 03 preferably does not 
extend substantially into coaxial transmission line 700 
between outer conductor 710 and inner conductor 708 although 
slight misalignments may occur in manufacturing. Ground plane 
703 may also be positioned between ceramic layers 702b and 
702c or between layers 702a and 702b to provide the desired 
ground contact. 
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The use of LTCC-M technology in constructing 
antennas provides for smooth and well-matched transitions 
between different "feed levels" to radiating elements of the 
antenna. For example, in Fig. 6, each ceramic layer 604 and 
608 with its respective embedded distribution network 616 and 
620 may represent a different feed level. Because of the 
shielding provided by ground plane 606, each feed level may 
pass a distinct signal with minimal interference from other 
feed levels. 

A plurality of feed levels may be directly connected 
to one or more radiating elements by conductive vias r as in 
Fig. 6, such that a given radiating element "taps" selected 
ones of the feed levels to transmit the signals passing 
through those feed levels. Using conductive vias to make 
these direct connections is desirable in some applications, as 
it requires low cost punching, and is simple and easy to 
design- Alternatively, LTCC-M technology can support shielded 
coaxial feedthrough, such as that illustrated in Figs. 7A and 
7B, to prevent cross-coupling between different feed levels. 

Fig- 8 illustrates a dual-phase array antenna 300, 
constructed in accordance with the present invention. Coaxial 
transmission lines such as those described above with 
reference to Figs. 7A and 7B are used to form connections 
between various layers. 

in Fig. 8, antenna 800 includes a first ceramic 
layer 802 deposited on top of a base ground plane 804. A 
first feed element 806 of a first distributed network. 807 is 
embedded in ceramic layer 802. A first ground plane 808 is 
printed on top of first ceramic layer 802. A second ceramic 
layer 810 is disposed on top of first ground plane 808 and has 
a second feed element 812 embedded therein. Second feed 
element 812 is one element of a second distributed network 
809 . A second ground plane 814 is disposed on top of second 
ceramic layer 810. A third ceramic layer 816 is disposed on 
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top of second ground plane 814, and a radiating element 818 is 
disposed on top of third ceramic layer 816 . 

In Fig. 8, a first shielded coaxial transmission 
line extends through: (i) a portion of first ceramic layer 
802, (ii) first and second ground planes 808 and 814, and 
(iii) both second and third ceramic layers 810 and 816, to 
couple first feed element 806 to radiating element 818. 
Similarly, a second shielded coaxial transmission line extends 
through: (i) a portion of second ceramic layer 810, (ii) 
second ground plane 814, and (iii) third ceramic layer 816, to 
couple second feed element 812 to radiating element 818. 

In the antenna of Fig. 8, each of the first and 
second shielded coaxial transmission lines are defined by a 
coaxial inner conductor 820 in the form of a conductive via, 
and a hollow via which surrounds inner conductor 820. In each 
coaxial transmission line, a coaxial shield 822 is constructed 
around the hollow via and spaced apart from coaxial inner 
conductor 820 by virtue of the hollow via. Other forms of 
coaxial transmission lines, such as those described with 
reference to Figs. 7A and *7B, may be used to make the desired 
connections. 

When the dual-phase array antenna of Fig. 8 is in 
operation, a first signal having a first polarization 
propagates through first ceramic layer 802. In this way, 
first ceramic layer 802 functions as a first feed-level. 
Similarly, a second signal having a second polarization 
propagates through second ceramic layer 810, such that second 
ceramic layer 810 functions as a second feed-level. First 
ground plane 808 isolates the first and second feed levels 
from one another. 

Because radiating element 818 is coupled to both 
feed levels through the coaxial transmission lines, in the 
manner described above, radiating element 818 "taps" both the 
first signal and its first polarization, as well as the second 
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signal and its second polarization through the respective 
coaxial connections. 

In one example, where the first polarization is 
substantially vertical, and the second polarization is 
substantially horizontal, both the vertical and horizontal 
polarizations are provided to radiating element 81B through 
the respective coaxial transmission lines. Thus, the polarity 
of a signal generated by radiating element 818 may be 
controlled by controlling the respective magnitudes of the 
first and second signals. 

While the configuration of Fig. 8 shows only two 
feed levels, it is contemplated that a multi-phase array 
antenna may be similarly designed. For example, additional 
ceramic layers with embedded feed elements could be stacked 
between third ceramic layer 816 and radiating element 818 of 
antenna 800 . Ground planes would be interspersed between the 
various ceramic layers to provide shielding between the feed 
levels, similar to the existing arrangement in dual-phase 
array antenna 800 of Fig. 8. Dual-phase or multi-phase array 
antennas formed in this manner minimize cross-coupling between 
the various feed levels, in addition to maximizing excitation 
of radiating elements. 

Steerable antennas made in LTCC-M structures, 
according to the present invention, are capable of addressing 
communications services operating at various frequencies, 
polarizations, and space allocations. To reduce the cost of 
designing these steerable antennas, micro-machined electro- 
mechanical miniature switches (MEMS) may be used to access or 
provide various signals with distinctive characteristics. In 
particular, MEMS can be used to build low-cost phase shifters 
to achieve the desired steerability of a phased array antenna. 

A method of making a micro-machined electro- 
mechanical switch in an LTCC-M environment is described herein 
with reference to Figs. 9A-9D. In an exemplary embodiment, a 
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plurality of these switches may be mounted on one side of a 
double-sided LTCC-M structure, while control circuitry may be 
mounted on the other side. For example, if constructed in the 
LTCC-M structure of Fig. 1, a plurality of micro-machined 
switches would be formed on the high frequency side 110 of the 
structure and coupled between: (i) signal sources having 
distinctive phases, and (ii) radiating elements 114. Such an 
antenna construction would be easily "steerable, " in that the 
micro-machined switches would provide easy switching between 
the different polarities. 

The structure of Fig. 9A is formed upon a metal base 
layer 902. A first ceramic layer 904 is stacked on top of 
metal base layer 902. A stimulus pad 90S, which is capable of 
exerting an electrostatic force, is deposited on top of 
ceramic layer 904. 

In Fig. 9B, a second ceramic layer 908, preferably 
thinner than first ceramic layer 904, is stacked on top of 
stimulus pad 906 and first ceramic layer 904. A first metal 
member 910 and a second metal member 912 are deposited on top 
of second ceramic layer 908. Metal members 910 and 912 may 
be, for example, elements of a printed transmission line. 
First and second metal members 910 and 912 are spaced apart, 
as illustrated in Fig. 11B, and one end 914 of second metal 
member 912 is positioned directly above stimulus pad 906. 
First metal member 910 defines a base of a moveable electrode, 
while second metal member 912 defines a fixed electrode for 
the switch. 

« 

In Fig. 9C, a third ceramic layer 91S, also 
preferably thinner than first ceramic layer 904, is stacked on 
top of first and second members 910 and 912, as well as 
portions of second ceramic layer 908 not covered by metal 
members 910 and 912. A cavity 918 is formed in third ceramic 
layer 916, such that a tip 920 of first metal member 910 juts 
out from between second and third ceramic layers 908 and 916, 
and extends into cavity 918. Also, the positioning of cavity 
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918 is such that end portion 914 of second metal member 912 
juts out from between second and third ceramic layers 908 and 
916, and extends into cavicy 918 opposite tip 920 of first 
metal member 910. Cavity 918 may be punched or etched in 
third ceramic layer 916, although punching is generally 
preferred as the cheaper alternative. 

In Fig. 9C, a conductive element 922 is deposited 
vertically along one wall of cavity 918, extending from tip 
920 of first metal member 910 to the Cop of third ceramic 
layer 916. First metal member 910 and vertical conductive 
element 922 define a base and a stand, respectively, for 
mounting a moveable electrode 924 of a micro-machined switch 
according to one embodiment of the present invention. 
Conductive element 922 can be formed simply and easily in 
LTCC-M boards. In the exemplary embodiment of the invention, 
movable electrode 9 24 is a flexible conductor such as mylar 
and is mounted on the stand 922 after the LTCC-M structure has 
been fired. 

The completed micro-machined switch 900 is shown in 
Fig. 9D, where moveable electrode 924 is mounted for selective 
engagement with second metal member 912. A tip 926 of 
moveable electrode 924 is secured to one end of conductive 
element 922 opposite first metal member 910. The remainder of 
moveable electrode 924 extends substantially horizontally into 
cavity 918 and swings freely therein. A pole 928, shaped as 
illustrated in Fig. 9D, is deposited such that the moveable 
portion of electrode 924 is in contact therewith when 
essentially no voltage is applied to stimulus pad 906. When 
voltage is applied to stimulus pad 906, an electrostatic force 
pulls the moveable portion of electrode 924 away from pole 928 
and towards end portion 914 of second metal member 912 into 
contact therewith. An electrostatic voltage in the range of 
30-40 volts is desirably applied to stimulus pad 906 to 
achieve consistent switching between pole 928 and end portion 
914 of second substrate 912. 
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In Fig. 9D, the fixed and moveable electrodes of 
switch 900 are isolated from one another, due to the multi- 
layering in the LTCC-M structure. The stimulus is also 
isolated, as it is constructed on a different layer, to ensure 
short circuit protection. 

• 

MEMS such as switch 900 have been designed and 
fabricated on both alumina and semi-insulating GaAs substrates 
using suspended cantilevered arms. These switches demonstrate 
good switching capabilities from DC to microwave frequencies, 
provide excellent isolation, and minimal insertion loss. In 
addition, MEMS constructed in accordance with the present 
invention can easily provide switching speeds on the order of 
several milliseconds, which are adequate for most 
applications . 

To achieve the desired wide-band steerability with a 
phased array antenna, it is advantageous to design the antenna 
to include a phased array network having a plurality of phase 
shifting units. Switches such as the MEMS described above 
with reference to Figs. 9A-9D may be used as basic building 
blocks in these phase shifter applications. 

Fig. 10 is a side view of a phased array antenna 
1000 formed in a double- sided LTCC-M structure, according to 
an exemplary embodiment of the present invention. Antenna 
1000 includes a first ceramic layer 1001 mounted on one side 
of a metal core layer 1004, and a second ceramic layer 1002 
mounted on an opposite side of metal core layer 1004. First 
ceramic layer 1001 preferably has a relatively low dielectric 
constant, while second ceramic layer 1002 preferably has a 
relatively high dielectric constant. 

A plurality of radiating elements 1008 are mounted 
on first layer 1001. A plurality of switches 1010, such as 
the MEMS described in Fig. 9D above, are embedded in second 
ceramic layer 1002. Also embedded in second ceramic layer 
1002 are phase shifters 1012, which are connected to switches 
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1010. Other circuit elements, both passive and active, may be 
embedded within second ceramic layer 1002 depending upon the 
desired implementation. 

In Fig. 10, a distribution network 1014 is mounted 
on a surface of second ceramic layer 1002. Selected feed 
structures within distribution network 1014 are coupled to 
radiating elements 1003 through a plurality of conductive vias 
1016 which feed through metal core layer 1004. Distribution 
network: 1014 may pass high frequency (e.g., RF, microwave, 
etc.) or relatively low frequency signals. Various phase 
shifters 1012 translate these signals to have various 
polarizations, and switches 1010 are selectively activated to 
pass these translated signals through conductive vias 1016 to 
radiating elements 1008. 

Figs. 11A and 11B are circuit diagrams illustrating 
possible connections between phase shifters and switches used 
in antennas according to exemplary embodiments of the present 
invention. In Fig. 11A, a switch 1100 configured, for 
example, as switch 900 described in Fig. 9D above, toggles 
between poles 1102 and 1104. Switch 1100 passes an input 
signal 1106, such as a signal provided by feed structures 
within a distributed network, directly, when switch 1100 
contacts pole 1102. When switch 1100 contacts pole 1104, 
switch 1100 passes a phase-delayed input signal 1106, as input 
signal 1106 must pass through phase shifter 1108 before 
passing through switch 1100 clftd on to external circuitry. 

Fig. 11B illustrates a: two-stage switching 
arrangement using a plurality of phase shifters for driving a 
wideband antenna with signals having four possible 
polarizations, 01, 02, 03, and 04. A first switch 1110 
toggles between phase shifters 1114 and 1116, while a second 
switch 1112 toggles between phase shifters 1118 and 1120. 
Switches 1110 and 1112 are each selectively activated by 
control line 112 2. A third switch 1124 is selectively 



(&4) )00-l 14866 (P2000-866 



activated by control line 1126, and toggles between the 
signals passed by first switch 1110 and 1112. 

Steering of antennas according to exemplary 
embodiments of the present invention may be in one plane or 
two planes. In the case of one plane, only one column of 
phase shifters is used, while a 2 -dimensional array of phase 
shifters would be used for steering in two planes. Wideband 
steering of these antennas may also be performed in multiple 
planes using multiple arrays of phase shifters. 

Although illustrated and described herein with 
reference to certain specific embodiments, the present 
invention is nevertheless not intended to be limited to the 
details shown. Rather, various modifications may be made in 
the details within the scope and range of equivalents of the 
claims and without departing from the invention. 

4 Brie! i)e ? c ? i p : i en c ( D: a * : e £; 

Fig. 1 is a cross-sectional view of an array antenna 
100 implemented using an LTCC-M structure, according to an 
exemplary embodiment of the present invention. 

Fig. 2 is an isometric view of a waveguide 200 
constructed as an integrated power divider or combiner for 
integration with an LTCC-M structure, according to an 
exemplary embodiment of the present invention. 

Fig. 2A is a side view of waveguide 200 in Fig. 2 
from one end of waveguide 200 along lines 2A-2A. 

Fig. 2B is a side view of waveguide 200 in Fig. 2 
along lines 2B-2B, in the same plane but substantially 
perpendicular with respect to the view along lines 2A-2A. 
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Fig. 3 is a cross-sectional side view of a planar 
antenna 300 formed using an LTCC-M structure, according to an 
exemplary embodiment of the present invention. 

Fig. 4 is a cross-sectional side view of a planar 
antenna 400 formed using an LTCC-M structure, constructed 
according to an exemplary embodiment of the present invention. 

Fig. 5 is a cross-sectional side view of a planar 
antenna 500 formed in a double-sided LTCC-M structure, 
according to an exemplary embodiment of the present invention. 

Fig. 6 is a cross-sectional side view of an antenna 
600 formed using an LTCC-M structure and capable of operating 
with dual polarizations, according to an exemplary embodiment 
of the present: invention. 

Fig. 7A is a cross-sectional side view of a coaxial 
transmission line 700 formed in an LTCC-M environment, 
according to an exemplary embodiment of the present invention. 

Fig. 7B is a cross-sectional end view of coaxial 
transmission 700 in Fig. 7A, taken along lines 7B-7B. 

Fig. 8 is a cross-sectional side view of a dual- 
phase array antenna 800 formed with coaxial transmission 
lines, according to an exemplary embodiment of the present 
invention . 

Figs. 9A-9D are cross-sectional side views of an 
LTCC-M structure, showing the formation of a micro-machined 
electro-mechanical switch therein, according to an exemplary 
embodiment of the present invention. 

Fig. 10 is a cross-sectional side view of a phased 
array antenna 1000 formed in a double-sided LTCC-M structure, 
including switches and phase shifters, according to an 
exemplary embodiment of the present invention. 



Figs. 11A and 11B are circuit diagrams illustrating 
phase shifters and switches and connections therebetween which 
may be used in constructing phased-array antennas according to 
the present invention. 
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An array antenna includes a first: ceramic layer and 
a second ceramic layer. A metal layer is disposed between the 
first and second ceramic layers. A plurality of radiating 
elements are mounted on the first ceramic layer, and a 
plurality of control circuits are mounted on the second 
ceramic layer. The control circuits are coupled to the 
radiating elements through a pLurality of conductive vias 
which feed through the metal layer. The array antenna may 
also include a switch having a plurality of poles formed in 
the second ceramic layer and coupled to one of the radiating 
elements through one or more conductive vias . A plurality of 
phase delay elements may be coupled at a first end to a signal 
source and coupled at a second end to the respective plurality 
of poles of the switch to provide phase-delayed signals. A 
waveguide may also be formed within the ceramic layers. 
Conductive vias or coaxial transmission lines may be used to 
connect elements within the array antenna. 



